UNIVERSITY OF NEW ENGLAND 


University of NAME: 
New England : 
STUDENT NUMBER: 


UNIT CODE: MTHS120 

PAPER TITLE: Calculus and Linear Algebra 1 

PAPER NUMBER: First and Only 

DATE: Thursday 25 May 2017 TIME: 1:45 PM TO 4:00 PM 
TIME ALLOWED: = 2 hours and 15 minutes 

NUMBER OF PAGES IN PAPER: _ SIX (6) 

NUMBER OF QUESTIONS ON PAPER: __ FIVE (5) 

NUMBER OF QUESTIONS TO BE ANSWERED: FIVE (5) 


STATIONERY [a 6 PAGE ANSWER BOOKS | 0 GENERAL PURPOSE ANSWER SHEET 
PER 


CANDIDATE: | 0 GRAPH PAPER SHEETS ) 0 GEOLOGY SAMPLES 


OTHER AIDS REQUIRED: NONE 
CALCULATORS: PERMITTED (APPROVED MODELS ONLY) 


TEXTBOOKS OR NOTES: THREE (3) DOUBLE SIDED A4 PAGES OF 
HANDWRITTEN NOTES ARE PERMITTED 
INSTRUCTIONS FOR CANDIDATES: 

e Candidates MAY NOT start writing until instructed to do so by the supervisor 


e Please pay attention to the announcements and read all instructions carefully before 
commencing the paper 


e Candidates MUST write their name and student number on the top of this page 
e Answer all questions 


e Questions are not of equal value. The allocation of marks are shown within each 
question 


e This examination paper MUST BE HANDED IN along with all supplied stationery. 
Failure to do so may result in the cancellation of all marks for this examination 


REMEMBER TO WRITE YOUR NAME AND STUDENT NUMBER AT THE TOP OF THIS PAGE 


THE UNIVERSITY CONSIDERS IMPROPER CONDUCT IN EXAMINATIONS TO BE A SERIOUS OFFENCE. 
PENALTIES FOR CHEATING ARE EXCLUSION FROM THE UNIVERSITY FOR ONE YEAR AND/OR CANCELLATION 
OF ANY CREDIT RECEIVED IN THE EXAMINATION FOR THAT UNIT. 


MTHS120 Trimester 1 2017 


Question 1 [16 marks} 
(a) Consider the function f(n) = log,)(2”) over the domain of natural numbers. 


Show that f(n) is monotone (increasing) over this domain. [5 marks] 


(b) Using either inequalities or interval notation, describe the subsets of the 


real number line corresponding to the domain and range of the function 


f(x) = logy(z) - 
Is this function one-to-one? Give a reason for your answer. [5 marks] 


(c) Use properties of limits to evaluate 


assuming that the function y = log,)(x) is continuous at every point in its domain. 
[6 marks] 
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Question 2 [16 marks} 


(a) A small weight is attached to the end of a spring, the other end of which is 
fixed to the surface of a table. The spring is extended and then released, so that 
the weight oscillates back and forth in a line across the surface. Since the weight’s 
motion experiences friction, the maximum displacement x of the spring from its 
rest position (x = 0) is damped, i.e., it shrinks with each oscillation. 

Suppose the displacement of the spring depends on time according to the for- 
mula 

t 


a) =e" cos() 


If x is measured in cm, and time is measured in seconds, what is the instantaneous 
rate of change of displacement at time t = 1 sec. ? What is the displacement from 


the rest position at this moment? 


[6 marks] 
(b) Use techniques of differentiation to compute x for each of the following 
functions : 
. v4 1 V 73 
Ci) Fey S22 ah e 
[3 marks] 
; xr? —3 
(i) F@) = 5 
[4 marks] 
(izi) f(x) = cos(In(z)) 
[3 marks] 
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Question 3 [20 marks} 


(a) The inner chamber of an engine piston is in the shape of cylinder, with a 
fixed radius R = 30 cm, and a height h, which varies smoothly as a function of time 
as gas is pumped in and out of the piston chamber. The volume of this chamber 


is then also a function of time, related to the height by the formula 
V=_aRh. 


If at a certain moment air is being pumped into the piston chamber at a rate of 90 
litres per second (i.e., 9 x 104 cubic cm per second), at what rate is the height of 
the chamber increasing at that same moment ? Be sure to include correct units of 
measurement in your answer. 

[8 marks] 


(b)After a dose of 1500 milligrams, the concentration (in micrograms per millil- 
itre) of paracetamol in the bloodstream of a patient varies as a function of time 


(measured in hours) according to the formula 
C(t) = 30(e7*/? — e) . 


What will be the maximum concentration of paracetamol observed in the patient’s 
blood after ingestion of this dosage, and after how many hours will it occur? 
[12 marks] 
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Question 4 [24 marks] 
(a) Let f(x) be a continuous function and define 
F(a) -|/ f(t) dt . 
1 


Use the Fundamental Theorem of Calculus to evaluate F’(10) (in its simplest form) 
when f(x) = log,)(z). [3 marks] 


(b) Compute the following definite and indefinite integrals: 


(i) fe - 48 420-1) dx 


[4 marks] 
(it) je cos(x?) dx 
[4 marks] 
1 
(iii) i Ate" dt 
[4 marks] 


(c) Find the area of the plane region bounded by the graphs of the parabola, 
y = 2— 27, and the line y = z. [5 marks] 


(d) Find the volume of the solid of revolution obtained by rotating the graph 


of y = + around the z-axis, 1 <x < 2. [4 marks] 
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Question 5 [24 marks] 


(a) Write the system of equations 
z—2y+3z=1 


22+ 4y—3z=0 
bn — Sy + Z=2 


as an augmented matrix, and use row-operations to determine the space of solu- 


tions. [10 marks] 


(b) Compute the cross-product v x w for the vectors v = (1,—2,3) and w = 
(2,4, —3) in R. [4 marks] 


(c) Explain why the vectors v and w in part (b) together span a plane in 


three-dimensional space. What is the equation of this plane? 


[6 marks] 


(d) Compute the determinant of the matrix 


L238 
A=|2 4 -8 
See 


Without trying to solve it explicitly, explain why the matrix equation 
Ax=b 


must have a unique solution, regardless of the choice of the vector b in R®. 
[4 marks] 
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